INTRODUCTION
In mice, the eggs are fertilized soon after ovulation at the metaphase of the second maturation stage, but it is not known whether the oocytes can be penetrated at an earlier stage of maturation. The nuclear maturation of mouse ovarian oocytes in vitro (Edwards, 1965; Donahue, 1968) , the successful fertilization of recently ovulated mouse eggs in vitro (Whittingham, 1968; Iwamatsu & Chang, 1969 Mukherjee & Cohen, 1970) , the maturation of mouse oocytes in vitro and subsequent fertilization in vitro (Cross & Brinster, 1970) , and the fertilization in vitro of ovarian oocytes just before ovulation (Iwamatsu & Chang, 1971) have been reported. Since the capacitation of hamster (Yanagimachi, 1969) or mouse (Iwamatsu & Chang, 1969 spermatozoa can be achieved in vitro by treatment with heated bovine follicular fluid, it is possible by means of these newly developed techniques to determine accurately at what stage mouse oocytes can be penetrated. This paper deals with the fertilizability of mouse ovarian oocytes at various stages during 238 T. Iwamatsu and M. C. Chang maturation and with the morphological aspects of these oocytes after sperm penetration.
MATERIALS AND METHODS

Medium
The medium used for the recovery of eggs, incubation of spermatozoa and for fertilization in vitro was very much the same as that used by Cross & Brinster (1970) and Toyoda, Yokoyama & Hoshi (1971) , which is essentially a modified Krebs-Ringer solution with energy substrates and serum albumin used by Whitten (1957) . It Fig. 1 with enlarged sperm head and the first matura¬ tion spindle (Ml) which is out of focus. Approx. 1420. Fig. 3 . An oocyte with the first polar body (pb), a ring-shaped male chromatin (cd), and the second maturation spindle (M2). This oocyte, recovered 10 hr after injection of hcg, was incubated with spermatozoa for 2 hr. After washing, it was incubated for 16 hr. Approx. 370. Fig. 4 . The same oocyte as in Fig. 3 , showing the ring-shaped male chromatin (cd), the maturation spindle (M2), and the sperm tail (arrow). Approx. 1420. Fig. 5 . An oocyte with a spindle-like male chromatin (cd) and the second maturation spindle (M2). This oocyte, recovered 8 hr after injection of hcg, was incubated with spermatozoa for 2 hr. Approx. 370. Fig. 6 . The same oocyte as in Fig. 5 (Table 3 ). The proportion of oocytes undergoing fertilization became higher (55 to 84%) in the oocytes 10 hr after injection of hcg than those (46 to 67%) 6 to 9 hr after injection of hcg (Tables  1 and 3 ). These observations may indicate that cytoplasmic maturation oc¬ curred at Metaphase I-Telophase I, 10 hr after injection of hcg.
In about 17 to 30% of oocytes which had a condensed male chromatin EXPLANATION OF PLATE 2 All the oocytes were photographed after being stained with Lacmoid. Phase-contrast microscopy with 10 ocular and 40 objective. Fig. 7 . The first maturation spindle with condensed male chromatin (cd). This oocyte, recovered 6 hr after injection of hcg, was incubated with spermatozoa for 3 hr. Approx. x1420. Fig. 8 . The second maturation spindle with condensed male chromatin (cd), showing sperm tail (arrow) and the first polar body (pb). This oocyte, recovered 8 hr after injec¬ tion of hcg, was incubated with spermatozoa for 2 hr. After washing, it was incubated for 17 hr. Approx. 1420. Fig. 9 . An oocyte with the second maturation spindle (M2) with condensed male chrom¬ atin, showing also the first polar body (pb) and two sperm tails (arrows). This oocyte, recovered 10 hr after injection of hcg, was incubated with spermatozoa for 2 hr. After washing, it was incubated for 16 hr. Approx. 370. Fig. 10 . The second maturation spindle of the same oocyte as shown in Fig. 9 , showing the possible condensed male chromatin (cd) and a sperm tail (arrow). Approx. X 1420. Fig. 11 . An oocyte with the first polar body (pb), three pronuclei and two condensed male chromatin (arrows). This oocyte, recovered 6 hr after injection of hcg, was reinseminated 5 hr after the first insemination and then incubated for 15 hr. Approx. (Iwamatsu & Chang, 1971 (Gurdon, 1967; Gurdon & Speight, 1969) . In most animals, acquisition of both capacities for cleavage and DNA synthesis seems to appear at the same time after the breakdown of the germinal vesicle. By contrast, it has been shown that in Holothuria (Rawitz, 1901) and fish (Iwamatsu, 1966 ) developmental capacity appears independently of the breakdown of the germinal vesicle. In the present study on mouse oocytes, the formation of a male pronucleus was not observed in the oocytes at the germinal vesicle stage after sperm penetration in vitro. A similar observation in vivo in the rat primary oocyte has been mentioned (cf. Austin, 1961 Braden & Austin (1954) and Marston & Chang (1964) . In the present study, such cleavage at the Meta¬ phase II was not observed within 10 hr after injection of hcg at the stage of Metaphase I-Telophase I.
In the dog, sperm penetration generally takes place during the first matura¬ tion division (Van der Stricht, 1923) . According to Noyes (1952) , fertilization in vivo and development were possible when rat ovarian oocytes were at the first meiotic division. It was also reported by Chang (1955) that, in the rabbit, fertilization in vivo and development were possible only if the oocytes were at the stage of the first maturation division. These and the present observations on mouse oocytes suggest that fertilizability of mammalian oocytes is acquired just before or at the completion of the first maturation division. Thus, the acquisition of fertilizability occurs at similar time intervals after the breakdown of the germinal vesicle, even though the time of ovulation and fertilization is different among different species.
The nuclear maturation of oocytes in culture has been reported in many mammalian species by many workers (cf. Edwards, 1965) . It has been reported that 92% of mouse oocytes at the germinal vesicle stage could mature in culture but only 38 % of these oocytes could be fertilized in vitro and only 3 % of them could develop into fetuses when transferred to recipients (Cross & Brinster, 1970) . The fertilizability of oocytes, as revealed in the present study, depends not only on the nuclear maturation but also on the maturation of the cytoplasm. This again supports the notion that 'although the nuclear matura¬ tion is a good indication of the maturity of the ova, the maturation of ooplasm as a whole should be considered as an important factor for fertilization' (Chang, 1955) . Career Awardee of the NICHD (K6-HD 18, 334).
